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This research utilized natural resources, i.e., chicken feather keratin to reinforce sago-starch biodegradable film
with glycerol as plasticizer and green lime juice’s citric acid as cross-linker. The objective of this research was to
observe mechanical performance of biofilm based on several experiments with lime juice concentration, chicken
keratin composition and sago-starch variables as independent variables (factors). This experiment was con-
ducted using factorial design. The biofilm’s performances assessed by tensile strength and elongation at break,
DSC, FTIR, and SEM analysis were investigated mechanical, thermal, structure and morphology properties of
the biofilm. The result showed that lime juice can effectively improve the mechanical performance of the biofilm.
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1. INTRODUCTION
Bioplastic forming materials can be classified into three cat-
egories, namely hydrocolloids, lipids, and mixtures of both.
Hydrocolloids which can be used to create a bioplastic are
protein and carbohydrates. Carbohydrate based bioplastic can
be obtained from starch (wheat, potato, cassava), lignocellulose
(wood, straw), and others (pectin, chitosan/chitin, sap) (Vieira
et al., 2011). Sago, with its abundant production in Indonesia,
can be utilized as matrix for biofilm. The world’s sago agricul-
tural land area are 2.5 million hectares, in Indonesia there are
1.25 million hectares (50%).10
Generally, starch-based bioplastic is brittle and less flexi-
ble, so modifications are necessary to improve flexibility using
glycerol,13 also increasing tensile strength using protein13 and
citric acid.16 Chicken feather is one protein source that still
used rarely. Indonesia’s broiler chickens population in 2015 was
1,497,625,660.11 Assumed average weight of a broiler chicken
is 1.5 kg and its 6% is the weight of its feather, it is predicted
that the produced chicken feathers is 134,786,309 kg. Chicken
feathers become pollutant because lack of its utilization. Chicken
feathers contain harsh protein (keratin) of 74.4 to 91.8% by dry
weight (Adiati et al., 2003). Keratin is an insoluble protein and
very stable because of the high disulfide bonds.
In this research, sago starch was used as bioplastic’s matrix
with the addition of chicken feather keratin as reinforcement,
glycerol as the plasticizer, and with new additional of lime juice
as cross linker. The lime juice consists of citric acid content
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of 7 to 7.6%.8 The objective of this research was to observe the
mechanical performance of the biofilm based on several experi-
ments with three variables of lime juice concentration and com-
position of chicken keratin and Sago-starch.
2. EXPERIMENTAL DETAILS
For pre-treatment, chicken feathers were cleaned, then dried
under the sun. Then, chicken feathers were powdered using a
mini-crusher, and sieved to size of 30 mesh. Chicken feathers
were then soaked with NaOH 0.17 M for 1 hour, then the mix-
ture was neutralized with a solution of 1 N HCl. The neutralized
mixture was then dried in an oven at a temperature of 50 C,
then powdered by using a planetary ball mill until the size of
100 mesh.
As for biofilms production, 4 grams of sago starch were dis-
solved in 100 ml of water. Then add the keratin powder and
glycerol corresponding to the variables. Then the mixture was
stirred at 500 rpm and heated to 90 C. After 15 minutes, the
mixture was added with lemon juice corresponding to the vari-
able, then stirred 15 minutes longer. The mixture was poured on
to an acrylic casting plate sized 25× 15 cm and then dried at
room temperature for 24 hours. The formed bioplastic was taken
from the casting plate and then continued drying process in oven
for 2 hours. The formed bioplastics were then conditioned under
standard testing atmosphere of 30 C and 95% relative humidity
for at least 48 hours before mechanical properties analysis (ten-
sile strength and elongation at break). The optimum condition
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was determined using 23 factorial design with three replications
in response of tensile strength and elongation at break.
3. RESULTS AND DISCUSSION
Sago starch biofilm’s mechanical properties were analyzed
using Texture Analyzer Lloyd. ANOVA for the tensile strength
response indicates the model is significant (p < 005). Tensile
strength is influenced by three variables, i.e., levels of keratin,
glycerol and lime juice (p < 005), and the equation obtained was
expressed as T = 5.56− 0.308A− 0.073B − 0.0350C, in which
R2= 0.7. Elongation at break was significantly influenced by the
levels of keratin and glycerol (p < 0.05), whereas the levels of
lime only gave a weak influence, and the equation obtained was
expressed as E = 20,607−0,25B−0,34C in which R2= 057.
Based on the result, the greater the level of chicken feather
keratin, the tensile strength increased while the elongation at
break decreased. Due to the facts that the number of hydrogen
bonds and hydrophobic interactions of the keratin resulted in very
strong and stable attract forces between keratin molecules.3 How-
ever, the rigid nature of keratin made elongation at break lower.
Higher levels of glycerol causing elongation at break increased
but tensile strength decreased. Glycerol increased biofilm’s elas-
ticity because it could increase the matrix’s free volume by reduc-
ing the hydrogen bonds of starch.3 The reduction of hydrogen
bonds by glycerol causing biofilm strength decreased.
While the increasing of lemon juice levels led to an increase
in tensile strength and elongation at break. Citric acid content in
lime juice acted as crosslinker agent which improved the mechan-
ical properties by forming a covalent bond linking the starch
molecules thereby increasing the molecular weight and result in
increased tensile strength.7 The higher concentration of lemon
juice caused the elongation at break increased as lemon has a
water content of 90%.14 Water acted as a plasticizer so as to
increase the elongation at break.13
Determination of bioplastic’s optimum condition was done
using statistical analysis. The produced bioplastics were expected
Fig. 1. 3D model of the response elongation at break.
Fig. 2. 3D model of the response tensile strength.
Table I. Comparison of the tensile strength and elongation at break of
biofilms reported in literature with the lime juice addition biofilms.
Tensile Elongation
Type of strength at break
plastic (Mpa) (%) Reference
Sago starch, keratin,
lime juice
6,32 20,68 –
SNI (synthetic plastic) 24,7–302 21–220 Darni and Herti6
Commercial (polyethylene) 31 100 Callister et al.4
Sago starch, glycerol 4,2 18,44 Hasibuan9
Sago starch, glycerol,
glutaraldehid, PEG
2,6 101 Zaaba and Ismail17
Jackfruit seed starch,
glycerol
0,94 11,71 Purbasari et al.15
Sweet potato starch,
glycerol, ZnO, cellulose
6,29 6 Marbun12
to have maximum tensile strength and elongation at break. Con-
centrations of keratin, glycerol, and lemon juice were set in the
range of their low-level and high-level. The obtained optimum
conditions was 20% w/w keratin concentration in sago starch,
20% w/w glycerol in sago starch, and 5% w/v lime juice in water,
resulted in 6.32 MPa tensile strength and 20.68% elongation at
break as seen in Figures 1 and 2.
Comparison of biofilms reported in literature with the pro-
duced biofilm in this experiment can be seen in Table I. Bio-
plastic of this study had a better performance than the bioplastic
produced in previous studies, but still below the commercial plas-
tic or SNI plastic, so it needed to be further improved in order
to meet the standards of ISO of plastics for daily life.
4. CONCLUSION
The addition of chicken feather keratin could improve the tensile
strength but decrease elongation at break, the addition of glyc-
erol could increase the elongation at break but decreased tensile
strength, while the addition of lemon juice could increase the
tensile strength and elongation at break of the bioplastic. Sago
starch bioplastic’s optimum conditions obtained on the addition
of chicken feather keratin 20% w/w starch, glycerol 20% w/w
starch, lemon juice and 5% w/v water. Chicken feather keratin
only physically interacted with sago starch and no molecular
interaction between them. Chicken feather keratin was not homo-
geneous and well dispersed in the biofilm, causing non uniform
bioplastic’s strength at any points.
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